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© Refrigerant composition and refrigerating apparatus. 

© A refrigerant composition comprising 
difluoromethane (R-32), pentafluoroethane (R-1 25), 
1,1,1 ,2-tetrafluoroethane (R-1 34a), and n-pentane, 
preferably prepared by mixing n-pentane preliminar- 
ily in R-1 34a, and mixing into a refrigerant of R-32 
and R-1 25, with the n-pentane contained in a range 
of 0.1 wt.% to 14 wt.% of the total weight, and a 
refrigerating apparatus employing the refrigerant 
composition composed of above. It is an object of 
the present invention to develop a nonflammable 
refrigerant composition capable of using refrigerating 
machine oil such as mineral oil and alkyl benzene 
which is used in refrigerating apparatus, none in risk 
of destroying the ozone layer, excellent in cooling 
performance, superior in lubricating performance, 
and outstanding in heat resistance. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a refrigerant 
composition and a refrigerating apparatus, and 
more particularly to a refrigerant composition which 
does not destroy the ozone layer, is nonflammable, 
is compatible well with refrigerating machine oil 
such as mineral oil and alkyl benzene, and 
presents a stable and uniform liquid phase, and to 
a refrigerating apparatus using the same. 

2. Background Art 

The conventional refrigerant hitherto used in 
the refrigerating machine is mostly dich- 
lorodifluoromethane (hereinafter called R-12), or R- 
500 composed of an azeotropic mixture refrigerant 
of R-12 and 1,1-difluoroethane (hereinafter called 
R-152a). The boiling point of R-12 is -29.65 °C at 
atmospheric pressure, and that of R-500 is 
-33.45 0 C, which are ideal for ordinary conventional 
refrigerating apparatuses. Even when a suction 
temperature into a compressor is relatively high, 
they have properties of not raising the discharge 
temperature so high as to induce oil sludge of the 
compressor. Moreover, R-12 is compatible well 
with the refrigerating machine oil such as mineral 
oil of the compressor, and plays a role of returning 
the oil in the refrigerant circuit into the compressor. 

These refrigerants, however, have a high la- 
tency of ozone destruction, and when released into 
the atmosphere to reach the ozone layer high 
above the earth, they destroy the ozone layer. The 
ozone layer destruction is induced by chlorine radi- 
cal (CI) in the constructions of the refrigerants. 
Accordingly, refrigerants not containing chlorine 
radical are expected as substitute refrigerants, such 
as difluoromethane (hereinafter called R-32), pen- 
tafluoroethane (hereinafter called R-125), and 
1,1,1 ,2-tetrafluoroethane (hereinafter called R- 
134a). The boiling point of R-32 is -51 .7 *C at 
atmospheric temperature, that of R-125 is -48.5 
and that of R-134a is -26.0 "C. 

These chlorine radical-free refrigerants R-32, 
R-125 and R-134a are poor in compatibility with 
general refrigerating machine oil such as mineral 
oil or alkyl benzene, and often caused lubrication 
troubles of the compressor due to worsening of 
returning of oil to the compressor, or sucking refrig- 
erants separated from oil upon starting after shut- 
down, etc. 

Accordingly, the present inventor attempted to 
mix these refrigerants which are poor in compatibil- 
ity with mineral oil or alkyl benzene with n-pentane 
excellent in compatibility with them, and discovered 
that the refrigerating machine oil such as mineral 



oil and alkyl benzene discharged from the com- 
pressor into the refrigerant circuit can be recovered 
into the compressor even when using these refrig- 
erant mixture. 

5 The invention is hence intended to solve the 

above problems by presenting a refrigerant com- 
position with a purpose of using refrigerating ma- 
chine oil such as mineral oil and alkyl benzene in a 
refrigerant not containing chlorine radical, by blend- 

w ing a chlorine radical-free refrigerant with n-pentane 
having a boiling point of + 36.07 'C at atmospheric 
pressure, and a refrigerating apparatus using the 
same. 

On the other hand, when the a chlorine radical- 

75 free refrigerant and n-pentane are separately sup- 
plied in refrigerating circuits, it is very difficult to 
feed them uniformly into the refrigerating circuits 
because of difference in vapor pressure between 
the two having difference in boiling point. Further- 

20 more since the mixture of the two is not a uniform 
liquid phase, oil return to the compressor may be 
not sufficient. In addition, there is risk of fire in- 
duced if such refrigerant composition leaks. Ac- 
cordingly, it is other object of the present invention 

25 to solve such problems by mixing such chlorine 
radical-free refrigerant and n-pentane preliminarily, 
and using them as a refrigerant composition having 
a stable and uniform liquid phase. 

As a result of intensive study on the above 

30 subjects, the inventor has discovered that a non- 
flammable refrigerant composition having a stable 
and uniform liquid phase can be obtained by mix- 
ing a refrigerant poor in compatibility with mineral 
oil or alkyl benzene preliminarily with a specified 

35 amount of n-pentane having a boiling point of 
+ 36.07 'C at atmospheric pressure excellent in 
compatibility with mineral oil or alkyl benzene, and 
that the refrigerating machine oil such as mineral 
oil and alkyl benzene discharged from the com- 

40 pressor into the refrigerant circuit can be recovered 
into the compressor even when such refrigerant 
composition is employed, thereby solving the 
above problems, and hence completed the inven- 
tion. 

45 

SUMMARY OF THE INVENTION 



The feature of the present invention claimed in 
claim 1 relates to a refrigerant composition corn- 
so prising difluoromethane, pentafluoroethane, 1,1,1 ,2- 
tetrafluoroethane, and n-pentane. 

Furthermore, another feature of the present in- 
vention claimed in claim 2 relates to a refrigerant 
composition prepared by mixing n-pentane prelimi- 
55 narily with 1,1,1 ,2-tetrafluoroethane, and mixing the 
mixture into a refrigerant of difluoromethane and 
pentafluoroethane, wherein the contained n-pentane 
is in a range of 0.1 wt.% to 14 wt.% of the total 
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weight. 

In addition, the third feature of the present 
invention claimed in claim 3 relates to a refrigerant 
composition containing n-pentane by 14 wt.% or 
more in the preliminary mixture with 1,1,1,2- 
tetrafluoroethane, and by 14 wt.% or less in the 
finally resulted refrigerant. 

The fourth feature of the present invention 
claimed in claim 4 relates to a refrigerant composi- 
tion composed of 1,1,1,2-tetrafluoroethane and n- 
pentane, wherein n-pentane is dissolved in 1,1,1,2- 
tetrafluoroethane in a range of 0.1 wt.% to 7.3 wt.% 
of total weight. 

The fifth feature of the present invention 
claimed in claim 5 relates to a refrigerating appara- 
tus comprising a condenser for condensing and 
liquefying a refrigerant, an evaporator for evaporat- 
ing a liquefied refrigerant, and a compressor for 
compressing an evaporated and vaporized refriger- 
ant and discharging it into the condenser, wherein 
a refrigerant composition in any one of claims 1 to 
4 is used as the refrigerant to be compressed by 
the compressor. 

The sixth feature of the present invention 
claimed in claim 6 relates to a refrigerating appara- 
tus as set forth in claim 5, wherein a refrigerant 
composition having n-pentane dissolved in 1,1,1,2- 
tetrafluoroethane by about 6 wt.% of the total 
weight. 

Furthermore, the seventh feature of the present 
invention claimed in claim 7 relates to a refrigerat- 
ing apparatus as set forth in claims 5 or 6, wherein 
mineral oil or alkyl benzene oil is used as refrig- 
erating machine oil. 

The eighth feature of the present invention 
claimed in claim 8 relates to a refrigerating appara- 
tus as set forth in claim 7, wherein a rotary com- 
pressor is used as the compressor and alkyl ben- 
zene oil is used as refrigerating machine oil. 

As the present invention is thus constituted, by 
mixing n-pentane excellent in compatibility with re- 
frigerating machine oil such as mineral oil and alkyl 
benzene with a chlorine radical-free refrigerant poor 
in compatibility with refrigerating machine oil such 
as mineral oil and alkyl benzene, the refrigerating 
machine oil such as mineral oil and alkyl benzene 
discharged from the compressor into the refrigerant 
circuit can be recovered in the compressor. 

In the present invention, moreover, n-pentane 
which is flammable and is hardly miscible with 
refrigerant such as R-32 and R-125 at ordinary 
temperature is preliminarily mixed in refrigerant R- 
134a at a predetermined rate, and is further mixed 
with refrigerants R-32 and R-125, and even when 
the mixing rate of n-pentane with refrigerants R-32 
and R-125 varies, the mixing ratio of n-pentane is 
limited within 14 wt.%, and thereby n-pentane is 
not separated from R-32 and R-125 at ordinary 



temperature. 

The refrigerant composition in which n-pentane 
is dissolved in R-134a in a range of 0.1 wt.% to 7.3 
wt.% of the total weight is a nonflammable refriger- 

5 ant composition with a stable and uniform liquid 
phase, not becoming uneven in the concentration 
distribution, or separating into two phases even if 
stored for a long period. Accordingly, the refriger- 
ant composition of the present invention can be 

w supplied precisely and stably into a refrigerating 
circuit, and is moreover compatible well with refrig- 
erating machine oil, and therefore the refrigerating 
machine oil such as mineral oil and alkyl benzene 
discharged from the compressor into the refrigerant 

75 circuit can be easily recovered in the compressor. 
In addition, in case the refrigerant composition 
would leak, it involves no possibility of fire. 

Furthermore, in the refrigerating apparatus ac- 
cording to the present invention comprising a con- 

20 denser for condensing and liquefying a refrigerant, 
an evaporator for evaporating a liquefied refriger- 
ant, and a compressor for compressing an evap- 
orated and vaporized refrigerant and discharging 
into the condenser, by using any one of the refrig- 

25 erant compositions above mixing n-pentane with an 
excellent compatibility with refrigerating machine 
oil such as mineral oil and alkyl benzene in a 
chlorine radical-free refrigerant, as the refrigerant to 
be compressed by the compressor, the refrigerat- 

30 ing machine oil such as mineral oil and alkyl ben- 
zene discharged from the compressor into the re- 
frigerant circuit can be easily recovered in the 
compressor. 

The nonflammable refrigerant composition 

35 composed of chlorine radical-free refrigerant and n- 
pentane blended at a specific rate according to the 
present invention can be charged into a same gas 
cylinder, and therefore the nonflammable refriger- 
ant composition can be precisely and stably sup- 

40 plied into the refrigerating circuit by a charging 
device coupled to the refrigerating circuit. 

The combination of the type of compressor 
such as rotary compressor or reciprocating com- 
pressor and the type of refrigerating machine oil 

45 such as mineral oil or alkyl benzene is not particu- 
larly limited in the present invention. However, 
when the rotary compressor is used as the com- 
pressor, partly because return of oil into the com- 
pressor is smooth, it is desired to use an alkyl 

50 benzene oil as refrigerating machine oil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view of a refrigerating apparatus 
55 in one of embodiments according to the present 
invention; 

Fig. 2 is a general refrigerant circuit diagram; 
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Fig. 3 is a compatibility characteristic curve of 
R-134a and n-pentane; 

Fig. 4 is a refrigerant circuit diagram of refrig- 
erating apparatus according to the present in- 
vention; 

Fig. 5 is a sectional view of essential parts of 
compressor according to the present invention; 
Fig. 6 is a sectional view of essential parts of 
other compressor according to the present in- 
vention; and 

Fig. 7 is a two-element refrigerant circuit dia- 
gram showing other embodiment according to 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is described hereinafter 
with reference to embodiments, but it should be 
noted that the present invention is not limited to 
these embodiments alone so far as not departing 
from the true spirit of the present invention. 

Fig. 1 is a front view showing a refrigerating 
apparatus in one of embodiments according to the 
present invention. Fig. 2 is a general refrigerant 
circuit diagram. 

Reference numeral 1 denotes a refrigerator in- 
stalling a compressor 2. Reference numeral 3 des- 
ignates a refrigerant charger for charging a refriger- 
ant into the compressor 2. Reference numeral 4 
shows a refrigerant container for feeding a refriger- 
ant into the refrigerant charger 3. Reference nu- 
meral 8 denotes a charging device comprising the 
refrigerant charger 3 and the refrigerant container 
4. The compressor 2 is sequentially combined with 
a condenser 5, capillary tubes 6, and an evaporator 
7, and thereby a refrigerant circuit is constituted. 

The refrigerant circuit shown in Fig. 2 is filled 
with a refrigerant mixture of R-32, R-125, R-134a, 
and n-pentane. The composition is 20 to 30 wt.%, 
preferably 25 wt.%, of R-32, 10 to 20 wt.%, prefer- 
ably 15 wt.%, of R-125, 40 to 60 wt.%, preferably 
50 wt.%, of R-134a, and 0.1 to 14 wt.%, preferably 
10 wt.%, of n-pentane. 

If the blending ratio of R-32 is less than 20 
wt.%, the coefficient of performance (COP) is 
lowered, and if exceeding 30 wt.%, it may ignite 
when leaking into the atmosphere. If the blending 
ratio of R-125 is less than 10 wt.%, the discharge 
temperature of the refrigerant discharged from the 
compressor 2 is too high, and if exceeding 20 
wt.%, the COP is lowered, while the global warm- 
ing potential (GWP) increases. If the blending ratio 
of R-134a is less than 40 wt.%, the pressure in the 
refrigerant circuit is too high, end if exceeding 60 
wt.%, the evaporation temperature becomes high. 

To the refrigerant of R-134a, preliminarily, n- 
pentane is mixed by a specific rate, and then 



mixed in the refrigerant of R-32 and R-125. At this 
time, n-pentane is added to the refrigerant of R- 
134a by 14 wt.% or more, and is mixed to the 
refrigerant of R-32 and R-125 so as that the 

5 amount of n-pentane is 14 wt.% or loss. That is, n- 
pentane is compatible well with mineral oil or alkyl 
benzene, but is high in boiling point and is flam- 
mable, and therefore if the blending ratio exceeds 
14 wt.%, required cooling temperature may not be 

w obtained in the evaporator 7, and it may ignite if 
leaking into the atmosphere. Hence, n-pentane is 
mixed with the refrigerant of R-134a at a specific 
ratio, and then mixed with the refrigerant of R-32 
and R-125, so that the total blending ratio of n- 

75 pentane to the total weight may not exceed 14 
wt.%. 

Incidentally, n-pentane can not be mixed with a 
chlorine radical-free refrigerant such as R-32 and 
R-125, but is mixed with the refrigerant of R-134a 
20 at ordinary temperature, so that a mixed refrigerant 
may be prepared in the presence of the refrigerant 
of R-134a. 

By mixing n-pentane by about 10 wt.%, it may 
optimize the cooling temperature, improve the re- 

25 turn of refrigerating machine oil such as mineral oil 
and alkyl benzene to the compressor, and avoid 
risk of ignition. 

In other embodiment, the refrigerant circuit in 
Fig. 2 is filled with a refrigerant composition of 

30 compatible matter having n-pentane dissolved in R- 
134a in a range of 0.1 wt.% to 7.3 wt.% of the total 
weight. More preferably, the refrigerant circuit is 
filled with a refrigerant composition of compatible 
matter having n-pentane dissolved in R-134a by 

35 about 6 wt.% of the total weight. 

In Fig. 3, the upper region of the compatible 
characteristic curve is a region in which both are 
present uniformly and stable in one phase, and the 
lower region is a region in which both are sepa- 

40 rated into two phases. It can be known from the 
compatible characteristic curve shown in Fig. 3 that 
the cooling temperature may be optimized in the 
ordinary condition of use of the refrigerating ap- 
paratus by adjusting the mixing rate of the two in a 

45 specific range. 

Fig. 4 is a refrigerant circuit diagram showing 
the charging device 8 for charging the refrigerant 
composition comprising the refrigerant charger 3 
and the refrigerant container 4. 

so For example, the refrigerant composition of the 

compatible matter having n-pentane dissolved in 
1,1,1,2-tetrafluoroethane in a range of 0.1 wt.% to 
7.3 wt.% of the total weight is charged into the 
refrigerant container 4, and is supplied into the 

55 refrigerant circuit by the charging device 8 com- 
prising the refrigerant charger 3, charging line, and 
others. 
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The composition has n-pentane by 0.1 wt.% to 
7.3 wt.% of the total weight, preferably 0.2 wt.% to 
7.3 wt.%, and more preferably about 6 wt.%, there- 
by optimizing the cooling temperature, improving 
the return of refrigerating machine oil such as min- 
eral oil end alkyl benzene to the compressor, and 
avoiding risk of ignition. 

If the dissolving ratio of n-pentane is less than 
0.1 wt.%, oil return to the compressor is poor. If 
the dissolving ratio of n-pentane is more than 7.3 
wt.%, it is not preferable because non-flammability 
is not enough, the liquid phase is not uniform, or 
components may separate into two phases. 

Fig. 5 shows an example of the compressor 2 
of reciprocating type to be used in the present 
invention. The compressor comprises a hermeti- 
cally sealed container 11, a compressor main body 
9 installed in this container 11, and refrigerating 
machine oil 10 stored in the bottom of the sealed 
container 11 for lubricating the sliding parts of the 
compressor main body 9. The refrigerating ma- 
chine oil 10 may be either mineral oil or alkyl 
benzene. 

Fig. 6 shows an example of compressor 2' of 
rotary type to be used in the invention. The com- 
pressor comprises a hermetically sealed container 
11\ a compressor main body 9' installed in this 
container 11\ and refrigerating machine oil 10' 
stored in the bottom of the sealed container 11 1 for 
lubricating the sliding parts of the compressor main 
body 9\ The refrigerating machine oil 10' may be 
alkyl benzene. 

In the above explanation, the single-element 
refrigerating circuit is shown, but the same effects 
are obtained by composing a two-element refrig- 
erating circuit 14 by connecting a high temperature 
side refrigerating circuit 16 and a low temperature 
side refrigerating circuit 12 with a cascade con- 
denser 13 as shown in Fig. 7, and filling the com- 
pressor 15 of the high temperature refrigerating 
circuit 16 of the two-element refrigerating circuit 
with the refrigerant composition of the present in- 
vention and refrigerating machine oil. 

As described above, according to the present 
invention, the refrigerant composition is composed 
of difluoromethane, pentafluoroethane, 1,1,1,2- 
tetrafluoroethane, and n-pentane, or the refrigerant 
composition is composed of compatible matter 
having n-pentane dissolved in 1,1,1,2- 
tetrafluoroethane by a specific rate, and therefore 
the refrigerant having a low risk of destroying the 
ozone layer may be used with the refrigerating 
machine oil such as mineral oil and alkyl benzene 
which are excellent in lubricating performance and 
superior in heat resistance. 

In addition, in the present invention n-pentane 
is preliminarily mixed in 1,1,1,2-tetrafluoroethane, 
and then mixed in the refrigerant of 



difluoromethane and pentafluoroethane, and the n- 
pentane is mixed in a range of 0.1 wt.% to 14 wt.% 
of the total weight, and therefore the n-pentane not 
compatible with the refrigerant of difluoromethane 
s or pentafluoroethane can be mixed with the refrig- 
erant of difluoromethane and pentafluoroethane, so 
that the risk of Ignition of flammable n-pentane is 
lowered without sacrificing the cooling perfor- 
mance. 

10 Furthermore, the refrigerant composition of the 

present invention composed of compatible matter 
having n-pentane dissolved in 1,1,1,2- 
tetrafluoroethane in a range of 0.1 wt.% to 7.3 wt.% 
of the total weight presents a particularly stable 

15 and uniform liquid phase, and this is a nonflam- 
mable refrigerant composition with no possibility of 
n-pentane separating from the refrigerant composi- 
tion, and is hence excellent in cooling performance 
and none in risk of ignition of the flammable n- 

20 pentane. In addition, since the refrigerant according 
to the present invention can be charged into a 
single gas cylinder without using plural ones, it is 
possible to supply precisely and stably into the 
refrigerating circuit by the charging device coupled 

25 to the refrigerating circuit. 

Furthermore, the refrigerating apparatus of the 
present invention using these refrigerant composi- 
tions maintains the refrigerant composition in the 
refrigerating circuit in the same compatible matter 

30 in one uniform phase of liquid having n-pentane 
dissolved in 1,1,1,2-tetrafluoroethane in a range of 

0. 1 to 7.3 wt.% of the total weight as initially 
charged, and therefore the + refrigerant composi- 
tion to be supplementally added later may be the 

35 same composition as that initially charged, and it is 
easy to control maintenance and supply refrigerant 
composition additionally, and it is also excellent in 
economy. 

The features disclosed in the foregoing de- 
40 scription, in the claims and/or in the accompanying 
drawings may, both separately and in any com- 
bination thereof, be material for realising the inven- 
tion in diverse forms thereof. 

45 Claims 

1. A refrigerant composition comprising 
difluoromethane, pentafluoroethane, 1,1,1,2- 
tetrafluoroethane, and n-pentane. 

50 

2. A refrigerant composition prepared by mixing 
n-pentane preliminarily with 1,1,1,2- 
tetrafluoroethane, and mixing into a refrigerant 
of difluoromethane and pentafluoroethane, 

55 wherein the contained n-pentane is in a range 
of 0.1 wt.% to 14 wt.% of the total weight. 
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3. A refrigerant composition as set forth in claim 
2, wherein n-pentane is preliminarily mixed in 
1 ,1 ,1 ,2-tetrafluoroethane by 14 wt.% or more. 

4. A refrigerant composition composed of 1 ,1 ,1 ,2- 5 
tetrafluoroethane and n-pentane, wherein n- 
pentane is dissolved in 1,1,1 ,2- 
tetrafluoroethane in a range of 0.1 wt.% to 7.3 
wt.% of total weight. 

10 

5. A refrigerating apparatus comprising a con- 
denser for condensing and liquefying a refrig- 
erant, an evaporator for evaporating a liquefied 
refrigerant, and a compressor for compressing 

an evaporated and vaporized refrigerant and 15 
discharging into the condenser, wherein a re- 
frigerant composition as set forth in any one of 
claims 1 to 4 is used as the refrigerant to be 
compressed by the compressor. 

20 

6. A refrigerating apparatus as set forth in claim 
5, wherein a refrigerant composition having n- 
pentane preliminarily dissolved in 1,1,1 ,2- 
tetrafluoroethane by about 6 wt.% of the total 
weight. 25 

7. A refrigerating apparatus as set forth in claims 
5 or 6, wherein mineral oil or alkyl benzene oil 
is used as refrigerating machine oil. 

30 

8. A refrigerating apparatus as set forth in claim 
7, wherein a rotary compressor is used as the 
compressor and alkyl benzene oil is used as 
refrigerating machine oil. 

35 
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FIG. 3 



Conpatible characteristic curve of n-pentanein R-134a 
(°C) 
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FIG. 7 
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